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CORRELATION OF MAP UNITS

[Asterisks indicate position and adjacent numbers indicate age in millions of years of dated units]
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DESCRIPTION OF MAP UNITS

Qa Alluvium and colluvium (Quaternary)—Chiefly unconsolidated,
poorly sorted fan, slope-wash, and talus deposits. Colluvium
and talus mantles consisting of resistant rock fragments
conceal bedrock over wide areas. Locally, older stream
deposits are consolidated, as in Modena Draw 2.5 km south
of Roberts Springs. Unit includes older, possibly late Tertiary,
alluvium in topographically high remnants between Paradise
and Sawmill Canyons and 2-3 km southwest of Cougar
Basin; clasts as much as 2 m in diameter are chiefly of rhyolite
of Blawn Formation. South of Paradise Canyon these older
deposits may in large part overlie Miocene rhyolite tuffs and
volcaniclastics (Tt)

Steamboat Mountain Formation (Miocene)—A bimodal as-
sociation of basaltic lava flows and rhyolite flows and tuffs
(Best, Mehnert, and others, 1987)

Basalt member—Aphyric to weakly porphyritic lava flows.
Olivine and augite phenocrysts and sparse quartz xenocrysts
in a glassy to microcrystalline matrix of plagioclase, augite,
and Fe-Ti oxides. Only the gray, virtually nonvesicular
interior parts of flows are exposed; extensive mantles of
colluvium and talus conceal underlying units. Basalt 2 km
south of Modena Draw Reservoir has whole-rock K-Ar age
of 10.84+0.6 m.y. (Best and others, 1980); this rock contains
52 weight percent SiO, and 1.5 percent K, O. Thickness of
the unit is difficult to estimate because lower contacts are
generally only inferred or approximately located; it may be as
thick as 120 m or more in some places

Rhyolite flow member—Pink, gray, to lavender lava flows.
Chiefly felsitic, flow layered, and weakly porphyritic; locally
spherulitic, vuggy, and lithophysal. Flow margins are locally
autobrecciated, green to black perlitic vitrophyre. Phenocrysts
include smoky quartz and lesser plagioclase and iridescent
sanidine. Biotite is uncommon. Vugs and lithophysae contain
quartz and rare topaz. Unit locally includes clastic material
(similar to that in unit (Tt), especially in an area of silicified
rocks 2-3 km west and northwest of Modena. On the north,
west, and south flanks of Mount Elenore the unit includes an
ash-flow tuff as much as 60 m thick and containing sparse
phenocrysts of quartz and feldspar and clasts of flow-layered
rhyolite and latite (TIf). Flows are of high-silica, high-alkali
rhyolite containing 77 weight percent SiO,, 3.5 percent
Na;O, and 5.0 percent K,O. Unit is identical to rocks in
southern Wah Wah Mountains and Indian Peak Range
northeast of map area where ages of 13 to 10 m.y. have been
determined (Best, Mehnert, and others, 1987). Thickness
ranges to as much as 400 m on Mount Elenore

Rhyolite tuffs and related clastic deposits, undivided (Miocene)—
Heterogeneous sequence of generally poorly exposed, porous,
pyroclastic and epiclastic deposits that underlie slopes flanking
exposures of Blawn Formation and rhyolite member of the
Steamboat Mountain Formation. Chiefly formed by eruption
of gas-charged rhyolitic magmas of Blawn and Steamboat
Mountain ages. Locally, well exposed in cliffs around Mount
Elenore and near junction of Nelson Canyon and Modena
Draw. Most common rock type is buff to pale yellow-brown,
weakly welded, crystal-poor lapilli ash-flow tuff containing
sparse phenocrysts less than 2 m across of quartz, feldspar,
and biotite that occurs in depositional units no more than 10 m
thick. Ash flows contain variable amounts of pumice and lithic
lapilli and blocks; lithic fragments are chiefly rhyolite of the
Steamboat Mountain and Blawn Formations and latite flows
(THf). Intercalated between ash-flow deposits are bedded
pyroclastic fall and surge deposits, thin volcanic debris flows,
and reworked tuffaceous sandstone and conglomerates
containing locally large-scale crossbeds. Formerly glassy
material is commonly zeolitized. An extensive debris flow
containing blocks as much as 2 m across crops out south of
Elderberry Canyon on the west side of Modena Draw. These
clastic deposits filled topographic lows as much as 100 m
deep cut into older units, especially latite flows (TIf)

Felsic rocks, undivided (Miocene)—Small isolated exposures

: near south edge of map area; felsic rock containing phenocrysts
of sanidine and sparse quartz in an aphanitic, locally spherulitic
and lithophysal matrix. Sanidine phenocrysts in exposure
near Modena Draw Reservoir are as much as 1 cm across and
comprise about half of the rock which contains about 68
weight percent SiO,, 5.2 percent Na,O, and 5.8 percent
K,O

Racer Canyon Tuff (Miocene)—Sequence of two and possibly
three compositionally similar, moderately welded, pink- to
buff-gray, ash-flow cooling units exposed in southwest corner
of map area. Phenocrysts make up 20-30 percent of the rock
and include prominent quartz bipyramids (as much as 6 mm
across), sanidine, and biotite and lesser plagioclase and
hornblende; trace sphene is characteristic. Small dark-colored
volcanic fragments are ubiquitous but not abundant. Tuff-
aceous sandstone beds occur locally between ash-flow
deposits. First described and named by Blank (1959; see also
Rowley and others, 1979, p. 11) in areas to the south and
west where K-Ar ages of 18.2 and 20.3 m.y. were obtained by
Noble and McKee (1972; adjusted for new decay constants).
Thickness is at least 150 m

- Harmony Hills Tuff (Miocene)—Buff to gray, moderately welded,

crystal-rich ash-flow tuff. About half consists of phenocrysts
of plagioclase, biotite, and lesser hornblende and trace
amounts of pyroxene and quartz. Identity of two small
exposures east of Eightmile Spring near center of map area is
based on the unique combination of phenocrysts and their
abundance; larger exposures lie just to west of map area, as
well as to south and east (Williams, 1967). Age is 21.0 m.y.
(Armstrong, 1970; Noble and McKee, 1972; adjusted for
new decay constants). Minimum thickness is 25 m
Blawn Formation (Miocene)—Somewhat bimodal association
of rhyolite and potassium-rich mafic to intermediate composi-
tion lava flows and rhyolite tuffs (Best, Mehnert, and others,
1987)

Rhyolite flow member—Lava flows, domes, and local feeder
plugs and dikes. Generally gray, felsitic, flow-layered, and
porphyritic but locally black and vitrophyric, spherulitic,
vuggy, and lithophysal. Phenocrysts include quartz and lesser
sanidine, plagioclase and rare biotite. Topaz is a prominent
vapor-phase mineral at head of Sawmill Canyon, and on hill
7255 in sec. 8, T. 33 S, R. 18 W., where it also occurs in
groundmass as poikilitic crystals as much as 2 c¢cm long.
Exposures in lower elevations at heads of Modena Draw and
Pine Creek in northwest corner of map area are unusually
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porphyritic. In these places, unit consists of about one-half
phenocrysts as much as 1.5 cm across of slightly iridescent
sanidine, smaller, dark smokey quartz, and sparse plagioclase;
sparse biotite and augite are present in some flows. Unit is
21-20 m.y. old (table 1); as much as 400 m thick

Mafic flow member—Gray or black to red-brown lava flows

and local red--brown or black autoclastic breccia. In the
northeast part of map area, upper part of member caps high
hills and generally forms massive cliffs, locally having columnar
joints, above extensive and thick talus mantles on underlying
units. The rock is generally fresh and vesicular and has
phenocrysts of olivine set in microcrystalline matrix of augite,
plagioclase, Fe-Ti oxides, and glass, and contains about 55
weight percent SiO; and as much as 4.7 percent K, O. Whole-
rock K-Ar ages are 22.5 m.y. (Best, Mehnert, and others,
1987) and 21.3 m.y. (table 1). About 2 km southeast of
Rosebud Spring, where upper part of member caps a high
hill, unit locally consists of stream-deposited gravels and
debris flows of mafic-flow cobbles and boulders. Lower part
of member appears on low hills and hill slopes as angular
rubble having red liesegang bands. Phenocrysts are augite,
plagioclase, and minor olivine; corroded hornblende grains
occur in some flows. This rock contains about 58 weight
percent SiO, and 3-4 percent K;O. Field relations are
equivocal as to whether this rock underlies dacite of Spanish
George Spring and hornblende andesite (Tha) a kilometer or
so north, northeast, and southeast of Rosebud Spring, or was
deposited in a valley cut into these units; the latter interpreta-
tion is favored. Lava flows identical to member as exposed in
lower slopes in map area occur as discontinuous outcrops
almost to Milford 80 km northeast of map area. On the
eastern flank of Wah Wah Mountains 40 km northeast of map
area the 22.3-m.y. Bauers Tuff Member of the Condor
Canyon Formation lies within a thick section of the mafic flow
member (Abbott and others, 1983), and a sample from base
of section yielded a whole-rock K-Ar age of 23.2 m.y. (Best,
Mehnert, and others, 1987). On the Correlation of Map Units
the mafic flow member (Tbm) is therefore shown to be
somewhat older, as well as younger, than the Bauers Tuff
Member. The member is as much as 100 m thick, but
estimates are unreliable because lower contacts of hill-
capping flows are generally only approximately located

Latite flows (Miocene)—Sequence of lava flows and minor

autoclastic breccias; generally red brown; contain about 10
percent phenocrysts of plagioclase, biotite, minor augite, and
uncommon hornblende. Locally, bases of flows are black,
perlitic vitrophyre and tops are buff breccia. More abundant
plagioclase as much as 5 mm long occurs in some flows,
whereas other flows are virtually aphryric. Lava flows range
from 60 to 65 weight percent SiO, and contain about 8
percent total allkali oxides having a potassium to sodium ratio
greater than ome; most are latite but some are high-potassium
dacite. Age is 223-22 m.y. (table 1). Unit is at least 300 m thick
in Elderberry Canyon area and possibly as much as five times
that thick farther east where flows dip consistently to east.
Near top of tthe unit along edge of map area west of
Elderberry Camyon are about 30 m of red opalized lithic tuffs
and bedded sandstones

- Bauers Tuff Member of the Condor Canyon Formation (Mi-

ocene)—Generally firmly welded, nonlithic ash-flow tuff
containing about 10 percent phenocrysts of plagioclase,
sanidine, and biiotite. Flattened lapilli and blocks of pumice lie
in darker gray, buff, or lavender matrix. Locally south of
Negro Liza Wash weakly welded, white lithic tuff containing
about 20 percent phenocrysts of quartz, feldspar, and biotite
lies in same stratigraphic position and is included as part of
unit. Also included in unit are several meters of varicolored,
bedded siltstone beneath the tuff just east of Bannion Spring.
A section of altered rocks 3 km north of Modena and
immediately wiest of Modena cemetery appears exceptionally
thick, probably because the rock is exposed along many small
faults. These rocks have relict phenocrysts of plagioclase,
sanidine, and biotite but in higher concentrations than
normal; about 10 percent lithic fragments are also present.
Age is 22.3 mvy. (Fleck and others, 1975; adjusted to new
decay constanits). Absent in central part of map area but is as
much as 60 m thick in northeast and 180 m thick in
southwest

- Hornblende andesiite lava flows (Miocene)—Somewhat hetero-

Tsb

geneous sequence of aphyric to generally weakly porphyritic
lava flows and minor intercalated autoclastic breccias. Colors
range from brown to buff, gray, pink, red, orange, or lavender.
The aphanitic matrix is chiefly felsitic but locally consists of
black glass. Characteristic acicular black phenocrysts are as
much as a cenntimeter long and show a strong preferred
orientation that imparts a foliation and locally a lineation to
the rock. Otherr less abundant phenocrysts are plagioclase (as
much as severall millimeters across in Modena Draw), pyroxene,
and biotite. Widespread flow layering augments the planar
fabric defined by oriented hornblende phenocrysts and
locally the rock weathers into thin plates. Forms extensive
colluvium and talus mantles. Typical samples have about 60
weight percent SiO, and about 3 percent each of Na; O and
K20. Top immediately beneath latite flows (TIf) consists of
heterogeneous volcaniclastic rocks that vary from place to
place: (1) pink, lithic-rich ash-flow tuff several meters thick at
south end of Modena Draw has phenocrysts of biotite and
feldspar. (2) Strongly welded, orange-brown, lithic ash-flow
tuff as much as 150 m thick in southern parts of secs. 7 and 8,
T. 33 S, R. 18 W. (3) A sequence of mottled, red-brown,
volcanic debriss flows and conglomerate at top of unit in sec. 8,
T.33S.,R. 18 W. and in Tillie Creek area. (4) Slightly altered
pale-green to gray breccias having hornblende-phyric clasts
in lower part of Tillie Creek. On south side of Negro Liza
Wash, unit appears to overlie Bauers Tuff Member but field
relations are equivocal and Bauers Tuff Member may lap
onto a hillside cut into the hornblende andesite. Siders
(1985)reports a K-Ar age on hornblende of 24.2+1.2 m.y.
from similar rock in Pinon Point quadrangle south of map
area. Entire unit is at least 500 m thick

i Dacite of Spanish George Spring (Miocene)—Pile of strongly

porphyritic lava flows containing about 20 percent large
blocky plagiocliase phenocrysts (locally as much as 3 cm long)
and a few percient of smaller biotite, hornblende, and quartz
phenocrysts in red, brown, gray, or lavender, felsitic flow-
layered matrix. Small amounts of sphene, augite, and sanidine
phenocrysts are present locally. Thickness is at least 500 m
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Isom Formation (Oligocene)—Strongly welded, red-brown to
lavender, crystal-poor ash-flow tuff that weathers to popcorn-
like grus. Phenocrysts make up less than 15 percent of the
rock and include plagioclase and minor, smaller pyroxenes
and Fe-Ti oxides. Pumice blocks are intensely flattened
(aspect ratios of 500:1) so that the rock almost appearsto be a
lava flow. Age is 26.0 m.y. (Fleck and others, 1975; adjusted
for new decay constants). Thickness just north of Negro Liza

Wash is at least 800 m (Best, Grant, and others, in press)

Tuff of Ripgut Spring (Oligocene)—Firmly welded, pink to pale-

‘ brown ash-flow tuff containing abundant pumice lapilli and
less than 5 percent phenocrysts of feldspar that are less than
1 mm across. Only outcrop is about 4 km southwest of Modena
in an area of poor exposure. Principal area of exposure is
around flanks of White Rock Peak in White Rock Mountains
to northwest where unit partially fills northern part of White
Rock caldera that collapsed during eruption of tuffs of Lund
Formation. Ripgut Springs lies at eastern base of White Rock
Peak. Maximum thickness is 120 m

Lund Formation (Oligocene)—Pink, dacitic, lapilli ash-flow tuff
consisting of about half phenocrysts as much as 4 mm across.
Plagioclase comprises about half of these phenocrysts;
contain lesser amounts of biotite, quartz, hornblende, and a
trace of sphene. Upper part of unit contains as much as 10
sercent dark-colored lapilli of volcanic rock. 27.9 m.y. old
(Best and Grant, 1987). Exposed thickness is about 120 m

Contact

-—L—z-— Fault—Dashed where approximately located or inferred; dotted
where concealed. Ball and bar or D on downthrown side; U on
upthrown side

—L Strike and dip of beds
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SUMMARY OF GEOLOGY

Bedrock in the map area consists entirely of Oligocene and Miocene
volcanic rocks that range in age from about 28 to 11 m.y. Early Miocene lava
flows dominate ash-flow tuffs and associated volcaniclastic rocks.

The oldest volcanic rock exposed is the crystal-rich dacite tuff member of
the Lund Formation, which is the youngest (27.9 m.y. old) unit of the Needles
Range Group (Best and Grant, 1987). The mid-Oligocene ash-flow tuff units
comprising this group have a known aggregate volume of at least 6,600 km®
and crop out over an area of more than 20,000 km® in Utah and Nevada
around source calderas nested astride the State line. The northern part of the
map area apparently lies within the White Rock caldera, which was the source
of the Lund Formation (fig.1), but younger volcanic rocks and alluvium conceal
the caldera depression. However, just north of the map area, in the southeast
corner of the Indian Peak Range map area (Best, Grant, and others, in press), a
segment of the northeastern topographic wall of the caldera is exposed (fig. 1).

The Lund is overlain by crystal-poor, strongly welded ash-flow tuffs of the
Isom Formation that have an age of 26.0 m.y. (Fleck and others, 1975; values
corrected for new decay constants). Only a limited area of the Isom is exposed
on the northern margin of the map area, but northward the unit is about 800 m
thickwhere it is banked against the topographic wall of the White Rock caldera.
The source of the Isom tuffs is probably nearby as evidenced by the unusually
large size of the pumice clasts and the lava-like aspects related to secondary
flowage after emplacement of some of the ash-flow sheets.

Overlying the Isom Formation in the Indian Peak Range and Wah Wah
Mountains north and northeast of the map area is the 22.3-m.y.-old regionally
extensive Bauers Tuff Member of the Condor Canyon Formation, plus locally
derived lava flows and volcaniclastic deposits of mafic-silicic bimodal associa-
tions of the early Miocene Blawn Formation and the mid-Miocene Steamboat
Mountain Formation. This sequence of post-Isom rocks is typical of that found
over anarea of several hundred square kilometers in southwestern Utah. Inthe
map area, however, rocks younger than the Isom but older than the mid-
Miocene Steamboat Mountain Formation include a southward off-lapping
succession of lava flows about 2.5 km thick. The oldest of these lava flows is
coarsely porphyritic flow-layered dacite (Tds) overlain to the south and
southwest by hornblende andesite lava flows (Tha) having an age of 24.2 m.y.
These flows are similar to ones exposed only a few kilometers to the north and
northeast of the map area. In the northern area of exposure, however, the
hornblende andesite lava flows both overlie and underlie the [som Formation.
A thick and extensive sequence of latite lava flows (TIf), which have isotopic
ages between 23 and 22 m.y., is exposed still farther southwest in the map area
and overlies the hornblende andesite flows. The 21-m.y.-old Harmony Hills
Tuff locally overlies the latite.

Following collapse of the White Rock caldera, the thick pile of Isom and
vounger lava flows of dacite, hornblende andesite, and latite were deposited
within the depression. The regionally extensive but thin sheets of the Bauers
Tuff Member of the Condor Canyon Formation, whose source possibly was the
Caliente cauldron complex in southeastern Nevada (Williams, 1967), was
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deposited on the northern and southern flanks of this pile but was excluded
from the central part, which stood above the level of deposition.

The thick pile of early Miocene lava flows is locally overlain by rhyolite and
mafic lava flows and related rhyolitic volcaniclastic rocks. Isotopic ages of 22 to
20 m.y. indicate this mafic-silicic association is the Blawn Formation. However,
in the southern half of the map area, other rhyolite flows and underlying
volcaniclastic rocks rest unconformably on tilted latite flows, indicating a
significant episode of faulting and erosion after 23-22 m.y. ago and before
their deposition; these 10-m.y.-old rhyolitic rocks correlate with the mid-
Miocene Steamboat Mountain Formation, which is widely exposed to the
northeast of the map area (Best, Mehnert, and others, 1987). Extensive basalt
flows (Tsb) exposed along the south margin of the map area have an age of
10.8+0.6 m.y. and are, therefore, of Steamboat Mountain age.

Beneath the Steamboat Mountain basalts is rhyolitic ash-flow tuff of the
Racer Canyon Tuff, apparently derived from a source in the Caliente cauldron
complex in southeastern Nevada (Rowley and others, 1979, p. 11).

Two structural trends appear in the map area. A northeast trend is
expressed most clearly by the juncture that runs diagonally across the map
between the alluviated Escalante Desert and the bedrock hills. This feature
extends several tens of kilometers farther to the northeast and probably reflects
a system of normal faults, now mostly buried beneath alluvium, that produced
the Escalante Desert graben. Gravity data of Pe (1980) support the existence of
such a northeast-trending horst-graben structure. The Bible Spring fault zone,
which parallels this juncture, continues to the northeast into the Indian Peak
Range and southern Wah Wah Mountains where many horsts and grabens are
exposed alongit (Best, Morris, and others, in press). In this nearby area, faulting
was active between 22 and 18 m.y. ago. In the map area, younger lava flows
(Tbm) lie on either the dacite of Spanish George Spring, hornblende andesite
lava flows (Tha), the Bauers Tuff Member, or Miocene volcaniclastic rocks (Tt)
inthe fault zone, indicating that considerable relief existed during deposition of
all these early Miocene units; this relief is believed to be related, at least in part,
to concurrent faulting.

Anapparently younger, north-south structural trend is evident in the areas
immediately north and east of Modena where several north-striking normal
faults are responsible for prevailing east dips on tilted volcanic units, especially
latite flows (TIf). The normal fault concealed beneath the north-trending
Modena Draw has several hundred meters of offset.

Pe (1980) found a gravity high centered about 2 km northwest of Modena.
He suggests that this high is caused by near-surface Paleozoic rocks. However,
the Miocene rocks in this area are extensively argillized and silicified, possibly
indicating a buried intrusion. Extensive quartz veins in these altered rocks are
subvertical and strike more or less north.
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Table 1.—New isotopic-ages for selected rocks in the Hamlin Valley and Escalante Desert area, Utah
[Fission-track determination on zircon by B. J. Kowallis, Brigham Young University. K-Ar determinations by H.H. Mehnert]

Unit Lab Location Material K,0 Ar*0 (10710 Ar#0 Aget2a
No. (Lat. N., Long. W.) (weight percent)’ moles/gram) (percent) (m.y.)
TIf 4756 37°562/16%, 113253301 biotite 5.98, 6.03 1.981 65.5 22.8+0.9
TIf 4648 37°63'23", 113°55'68" biotite 8.20, 8.13 2.590 79.0 21.9£0.8
Tbm 4754 37°68!25", 113°50'27" whole rock 4.44,4.48 1.373 72.3 21.3+0.8
Tbr 4649 37°569'02", 113°568'57" sanidine 8.38, 8.46 2.552 84.6 20.9%+0.7
Tbr 4755 37°54'10"”, 113°57'568" sanidine 8.43, 8.40 2.399 83.9 19.7+0.7
Tsr - 37°51'07", 113°57'30" zircon - - - 9.6%£1.0
"Walues are given for 2 analyses
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Area mapped in this study

Approximate location of source of Cottonwood Wash Tuff

A_m)m  \White Rock caldera—Source of tuff of Lund Formation;
queried where uncertain

[EEEEEE,

Indian Peak caldera—Source of Wah Wah Springs Formation
Topographic rim

Ring fault

==t Pine Valley caldera—Source of tuffs of Escalante Desert Formation

Figure 1.—Map showing location of caldera complexes and recently published geologic maps, Utah and Nevada.
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